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Title: Power Supply Protection Apparatus for Computer System 
Field of the Invention 

The present invention relates to a power supply protection apparatus for a computer 
system more particularly to an apparatus that can protect a device connected to a 
power line from an excessive voltage to flow in the power line, as well as a computer 
system that employs the apparatus. 



Background of the Invention 



In recent years, there have appeared some notebook-type personal computers 
provided with a port for connecting a device conforming to the IEEE1394 standard. 

l o The IEEE1 394 standard is for fast serial interfaces that enable data to be transferred at 
- 1 00 Mbps or over. In 1 995, the standard was officially adopted by the IEEE (Institute of 
Electrical and Electronics Engineers). The IEEE1394 standard supports three types of 
transfer rates at present; 100 Mbps, 200 Mbps, 400 Mbps and enables a total of 63 
units to be connected. The maximum distance between those units is 4.5m and the 

15 maximum distance between the outermost devices is 72m. The IEEE1394 standard 
also enables a power supply between units (within a voltage range of 8 V and 40 V) 
through a bus conforming to the IEEE1394 standard (hereafter, referred to as an 
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"IEEE1394 bus"). In addition, because the IEEE1394 standard enables units to be 
connected to each another without the use of a host computer such as a personal 
computer, etc., such an IEEE 1394 bus is highly expected to be used as an 
infrastructure in each home network. 

5 On the other hand, a notebook-type personal computer is generally provided with its 
own battery. With this built-in battery, for example, the user can use his/her 
notebook-type personal computer in such an environment as a train where no 
commercial power supply is available. Generally, such a built-in battery can be charged 
for repetitive use. 

10 

If a commercial power supply is available, the user can connect an AC adapter (a 
O device for obtaining a DC output from a commercial AC input) to his/her notebook-type 
5 personal computer. Consequently, the battery built in the personal computer can be 
ffl charged during operation. 

if! Examples of the types of notebook-type PC batteries that can be charged include: a 
» lithium-ion battery pack composed of two 4.2 V lithium-ion batteries connected serially 
m (hereafter, referred to as a "two-serial battery pack"), a lithium-ion battery pack 
- t: composed of three 4.2 V batteries (a "three-serial battery pack"), and a lithium-ion 

5 battery pack composed of four 4.2 V batteries (a "four-serial battery pack") etc. Among 
2 (T these, the three-serial battery pack is most frequently used. This type of lithium-ion 

battery pack has an advantage in the aspect of power usage efficiency, which is higher 
than that for two-serial and four-serial battery packs. The three-serial lithium-ion battery 
pack has an output voltage range from about 9.0 V (at which the battery capacity 
becomes 0) to 12.6 V(=4.2 Vx3). 

25 Figure 5 shows a notebook-type PC, provided with a three-serial lithium-ion battery 
pack, which is connected to a device conforming to the IEEE1394 standard via an 
IEEE1394 bus 150. 
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As shown in Figure 5, the notebook-type PC composed as described above is further 
provided with an input circuit 142, a protection circuit 140, etc. The input circuit 142 
includes a field-effect transistor (FET) provided on a power line L between a lithium-ion 
battery pack and an IEEE1394 bus 150 and used to switch connection/disconnection 
5 between a lithium-ion battery and an inner circuit 1 10 of the notebook-type PC. The 
protection circuit 140 is composed of two diodes D1 and D2. 

A device 152A conforming to the IEEE1394 standard is provided with a power unit 154. 
On the power line from the power unit 154 to the IEEE1394 bus is provided a protection 
circuit composed of a diode D3. A device 152B is also composed just like the device 
10 152A. 

r*« A protection circuit composed of a diode is provided on the power line of each of the 
^8 notebook-type PC and other devices for the following reasons. Because the 
m notebook-type PC and its devices are connected to devices via the IEEE1 394 bus 1 50 
Jf! in a cascade connection manner as shown in Figure 5, electrical power is supplied to 
15^ the IEEE1 394 bus 1 50 from a power source which has the highest voltage among 
I" lithium-ion batteries and power units 1 54, provided in the notebook-type PC and the 
Jji; attached devices. 

O The power units 1 54 provided for both devices 1 52A and 1 52B can possibly output a 
^ voltage within the range 8 V to 40 V as allowed by the IEEE1 394 standard. However, 
2 0 the inner circuit 1 1 0 of the notebook-type PC, as well as the inner circuits of both 

devices 1 52A and 1 52B may not withstand voltages at the higher end of this range and 
thus to prevent such voltages being applied from external sources, a diode is 
connected to each power line in the manner shown in Figure 5. 

Furthermore, the two diodes D1 and D2 are provided so that they compose the 
2 5 protection circuit 1 40 of the notebook-type PC so that one of them can protect the inner 
circuit 1 10 of the PC when the other is damaged by a short-circuit caused by a fault, a 
trouble, etc. This is because another serious trouble (breakage, smoking, ignition, etc.) 
must be prevented for the reason of safety when any component is down. This is the 
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reason why two diodes D1 and D2 are usually provided so as to protect the inner circuit 
against such troubles. 

However, even when a protection circuit is composed of two diodes as described 
above, the conventional technique has been impossible to solve a problem that the use 
5 efficiency of the lithium-ion battery is low. 

To take an example, in the case of the configuration shown in Figure 5, the biggest 
drop caused by the input circuit 142 is usually about 0.3 V. The voltage drop of each of 
the diodes D1 and D2 is typically about 0.6 V, so the biggest total voltage drop in the 
power line L is about 1 .5 V. In order to supply a voltage of 8.0 V to a device conforming 
10 to the IEEE1 394 standard, therefore, the voltage of a lithium-ion battery cannot go 
~ outside a range of about 9.5 V(=8.0 V + about 1 .5 V) to 1 2.6 V. Consequently, this 
«5 configuration does not permit use of the full capacity of the lithium-ion battery. 
m Therefore, the power supply to the object device corresponding to the IEEE1394 
standard must be stopped even when the residual capacity is still enough. 

1% Generally, a notebook-type PC requires a voltage of 8 V or under (ex., 7.5 V). For a 

5 battery that does not conform to the IEEE1 394 standard, therefore, the notebook-type 
. M PC can lower the output voltage up to the above requirement. For a battery conforming 
n to the IEEE1 394 standard, however, the conventional technique, which causes a large 
voltage drop in the power line, sometimes disables supply of electrical power to external 
2 o devices if the voltage of the battery drops. To avoid such a problem, therefore, the 

notebook-type PC is provided with an internal boosting DC/DC converter, so as to boost 
the output voltage to 8 V or over. This causes an increase in the manufacturing cost of 
the notebook PC. 
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Under such circumstances, it is an object of the present invention to provide a power 
unit that can ameliorate the aforementioned problems and improve the usage efficiency 
of the battery connected to a power line, as well as a computer that can improve the 
usage efficiency of the battery built therein. 

5 Summary of the Invention 

Accordingly there is provided a power unit connected to a power line, that can supply 
electrical power within a predetermined range. It is provided with a singular diode for 
limiting the flow of the electrical power to one direction. This diode corresponds to one 
of the two diodes composing a protection circuit for an inner circuit in the conventional 
10 technique (see Figure 5). This singular diode can be one of a junction diode, a Zener 
diode, or the like. 

ffl Furthermore, in the power unit of the present invention, the voltage value of the power 
S line is detected by a voltage sensor and the power line is disconnected by a switch unit 
VI if the detected voltage exceeds a predetermined voltage value, which is over a voltage 

lsT level to be protected by the above diode. The power line is connected when the 
3 voltage level is under the predetermined voltage value. Consequently, the power line 

• M can be prevented from an excessive voltage over the predetermined voltage value even 
n when the diode breaks down for any reason. 

As described above, it is possible to compose the power unit so that an excessive 
2 0 > voltage value can be prevented from applying to the power line without using two 
• diodes even when the singular diode is down for any reason. The voltage drop of the 
power line can thus be reduced more than that of the conventional technique that uses 
two diodes. As a result, when a battery is connected to the power line, the effective 
utilization of the battery capacity can be improved more. 
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Furthermore, according to the present invention, the power consumption (about 0.2W) 
of the singular diode is reduced over that of the conventional technique that uses two 
diodes. Consequently, the effective utilization of the battery capacity can also be 
improved in this aspect. 

5 The voltage drop of the power line should be preferably minimized for operating the 
switch unit. Consequently, the switch unit is preferably composed so as to include a 
transistor element whose resistance is smaller than those of other switches. Then, the 
transistor element should preferably be connected to the power line so as to disconnect 
and connect the power line according to the control of the ON/OFF state of the 
10 transistor. In addition, the transistor element in this case should more preferably be a 
;s , FET whose ON resistance is lower than that of the bipolar transistor. And, the MOS 
*3 type FET will be favorable, since its ON resistance is lower than that of the junction type 
a FET among FETs. 

U1 The switch unit is preferably provided with a limiting element that can supply 
157 predetermined electrical power in the direction opposite to the one direction described 
S above when the power line is disconnected. Consequently, this limiting element can 
U cooperate with the diode so as to control the supply of the electric power doubly to the 

one direction described above. Excessive application of a voltage to the power line can 
H thus be prevented more effectively. This limiting element may be a Zener diode, as well 
20 as a body diode or the like of a transistor when the switch unit includes a transistor 
element. 

On the other hand, if a component operated with electrical power supplied from the 
power line exists at the upstream side of the one direction, then the predetermined 
voltage value should preferably be under a dielectric strength voltage value of the 
2 5 component. This will protect the power line from a voltage to be applied over the 
dielectric strength voltage value of the component. 
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Furthermore, the power line can be connected to the power line of another device 
conforming to the IEEE1394 standard. Because the IEEE1394 standard allows voltage 
within a range of 8 V to 40 V as described above, 40 V might be applied to the power 
line of the present invention in maximum. If a component whose dielectric strength 
5 voltage value is less than 40 V is connected to the power line, therefore, the present 
invention can protect the component. 

Also there is provided a computer system including such a power unit a battery for 
supplying electric power to the power line of the power unit; a terminal connected to the 
power line and the power line of each external device; and a load of the computer 
10 connected to the power line and driven with electric power supplied from the battery. 
The above battery may be a two-serial, three-serial, or four-serial lithium-ion battery 

h pack. It may also be a seven-serial or eight-serial nickel-hydrogen battery pack, or the 

fl like. 

K Therefore, even if the singular diode is down for any reason, application of excessive 
I5p; voltage to the power line can be prevented without the need to use two diodes. It is 
s thus possible to reduce the voltage drop of the power line more effectively than the 
K conventional technique that requires two diodes. As a result, it is also possible to 
improve the effective utilization of the battery capacity built in the computer. 

r " The preferred embodiments of the present invention will now be described by way of 
2 0 example only, with reference to the accompanying drawings. 
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Brief Description of the Drawings : 

Figure 1 is a schematic block diagram of a computer system according to an 
embodiment of the present invention; 

Figure 2 is a perspective external view of a notebook-type personal computer (PC); 

5 Figure 3 is a circuit diagram (a block diagram partially) of the notebook-type PC in a first 
embodiment of the present invention; 

Figure 4 is a block diagram (a circuit diagram partially) of a protection circuit in a 
^ second embodiment of the present invention; and 

{Q Figure 5 is a block diagram showing the conventional technique. 

10^ Detailed Description of the Preferred Embodiments 

y Figure 1 is an explanatory view of a hardware configuration of a computer system 1 0 
M composed of a typical personal computer (PC) that employs the power unit of the 
H present invention. The configuration is divided into sub-systems. The PC of the 
H present invention is, for example, a notebook-type PC 1 2 (Figure 2) conforming to the 
15 OADG (PC Open Architecture Developer's Group) specifications and using 

"Windows98" or "NT" of Microsoft Corporation or "OS/2" of IBM Corporation as an 
operating system (OS). Hereafter, each component of the computer system 10 will be 
described. 

CPU 14 is a brain (core part) of the whole computer system 10. The CPU 14 executes 
20 various programs under the control of the OS. The CPU 14 may be, for example, one 
of the Pentium family of CPU chips from Intel or another CPU of another company, 
such as AMD, etc. It may also be a PowerPC chip from IBM. 
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The CPU 14 is connected to each hardware component (to be described later) via one 
or more of three buses: an FS (Front Side) bus 18 used to connect directly to an 
external pin; a PCI (Peripheral Component Interconnect) bus 20 used for fast I/O 
devices; and an ISA (Industry Standard Architecture) bus 22 used for slow I/O devices. 

5 Both FS bus 18 and PCI bus 20 are connected to each other via a CPU bridge 
(host-PCI bridge) 24, which is generally referred to as a memory/PCI control chip. 

A main memory 1 6 is a writable memory used as an area for reading execution 
programs or writing processed data of the execution programs of the CPU 14. 

The PCI bus 20 can transfer data comparatively fast and it is connected to such PCI 
l cu devices as a card bus controller 30, etc., which are driven comparatively fast. 

f0 A video sub-system 26 is used to realize video related functions. It includes a video 

:H controller that processes drawing instructions from the CPU 1 4 and writes processed 

If! drawing information in a video memory (VRAM) once, as well as to read the drawing 

T information from the VRAM and output the information onto a liquid crystal display 

1 (LCD) 28 (Figure 2) as drawing data. 

The PCI bus 20 is also connected to a card bus controller 30, an audio sub-system 32, 
- M a docking station interface (Dock l/F) 34, and a mini-PCI slot 36. The card bus 

controller 30 is a dedicated controller for connecting the bus signal of the PCI bus 20 to 
the interface connector (card bus) of the PCI card bus slot 38. The card bus slot 38 is 
20 disposed, for example, on the wall surface of the body of the PC 12. In the card bus 
slot 38 is loaded a PC card 40 conforming to the specifications (for example, "PC Card 
Standard 95") regulated by the PCMCIA (Personal Computer memory 
association)/JEIDA (Japan Electronic Industry Development Association). 
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The Dock l/F 34 is hardware used for connecting the PC 12 to the docking station (not 
illustrated). The mini-PCI slot 36 is connected to a network adapter 42 for connecting, 
for example, the computer system 1 0 to a network (ex., LAN). 

The PCI bus 20 and the ISA bus 22 are connected to each other via an I/O bridge 44. 
5 The I/O bridge 44 is provided with a bridging function for bridging between the PCI bus 
20 and the ISA bus 22, an IDE (Integrated Drive Electronics) interface function, a USB 
(Universal Serial Bus) function, etc. The I/O bridge 44 may be, for example, a PIIX4 
device (core chip) of Intel. The IDE interface driven by the IDE interface function is 
connected to an IDE hard disk drive (HDD) 46, as well as an IDE CD-ROM drive 48 via 
10 an ATAPI (AT Attachment Packet Interface). 

Furthermore, the I/O bridge 44 is provided with a USB port, which is connected to a 
m USB connector 50 provided, for example, on the wall surface of the body of the PC 1 2. 

y ! The I/O bridge 44 is further connected to an EEPROM 94 via an SM bus. The 

T EEPROM 94 is a memory for holding such information as a password, a supervisor 

l^H password, a product serial number, etc. registered by the user respectively. The 

H EEPROM 94 is a non-volatile memory that enables data to be rewritten electrically. 

^ The I/O bridge 44 is also connected to a power supply circuit 54. The power supply 
circuit 54 is composed of such circuits as a power selector circuit 63 for selectively 
switching a battery to be charged to the main battery 64A or second battery 64B; a 

2 0 charger circuit 68 for charging the main battery 64A or second battery 64B; a DC/DC 
converter 66 for generating such a DC constant voltage as 5 V, 3.3 V, etc. used in the 
computer system 10, a protection circuit 1 12 for protecting the inner circuits of the 
computer system 10, etc. Each of the main battery 64A and the second battery 64B is 
a lithium battery pack composed of three lithium-ion batteries (rated voltage: 4.2 V) 

2 5 connected serially. Consequently, each of those batteries 64A and 64B can supply an 
electric power at a voltage within about 9.0 V at which the battery capacity becomes 0 
and 12.6 V. 
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Provided inside the core chip composing the I/O bridge 44 is an internal register for 
managing the power status of the computer system 10 and a logic (state machine) for 
managing the power status of the computer system 10 including the operation of the 
internal register. 

5 The above logic sends/receives various signals to/from the power supply circuit 54. 
According to this sending/receiving of signals, the power supply circuit 54 recognizes 
the status of actual power supply to the computer system 10 and the power supply 
circuit 54 controls supply of the electric power to the computer system 10 according to 
the instruction from the above logic. 

1 o The data transfer rate of the ISA bus 22 is lower than that of the PCI bus 20. The ISA 

f« bus 22 is used to connect a flash ROM 72 composed of a super I/O controller 70, an 

£ EEPROM, etc., an embedded controller 80 connected to a CMOS 74 and a gate array 

fit logic 76, and such comparatively slow peripheral devices (not illustrated) as a 

% keyboard/mouse controller. 

1% The super I/O controller 70 is connected to an I/O port 78. The super I/O controller 70 
S controls driving of a floppy disk drive (FDD), parallel data input/output via a parallel port, 
and serial data input/output via a serial port. 

lfA The flash ROM 72 is a memory for holding such programs as BIOS, etc. It is a 
non-volatile memory that can rewrite its stored data electrically. The CMOS 74 is a 

2 0 volatile semiconductor memory connected to a backup power supply. The CMOS 74 

functions as a fast non-volatile memory. 

The embedded controller 80 controls the keyboard (not illustrated) and a power 
management controller (PMC) 82 built therein (see Figure 3) takes part of the power 
supply management function in cooperation with the gate array logic 76. 
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Figure 3 shows a block diagram of components of the PC 12 of this embodiment. In 
Figure 3, each component of the power supply circuit 54, which is especially relevant to 
the present invention, is shown in detail. As shown in Figure 3, the PC 12 is provided 
with a power line L laid between an input terminal T connected to an AC adapter 62 and 
5 a port P connected to the IEEE1394 bus 150; a power selector circuit 63; a main 
battery 64A; a second battery 64B; a charger circuit 68; an inner circuit 1 10; and a 
protection circuit 1 12. Although not illustrated in Figure 3, the IEEE1394 bus 150 is 
connected to a plurality of devices conforming to the IEEE 1394 standard in a cascade 
connection manner. 

10 The power selector circuit 63 is provided with a first serial circuit 1 00 disposed between 
n the power line L and the main battery 64A and a second serial circuit 1 02 disposed 
%D between the power line L and the second battery 64B. In this embodiment, the PC 1 2 
fi of the present invention is also provided with a battery pack housing (not illustrated). 
K The main battery 64A and the second battery 64B are housed in the housing so as to 

1*1 be removed therefrom. While the main battery 64A and the second battery 64B are 
I" housed in the battery pack housing, they are connected to the first and second serial 
I! circuits 1 00 and 1 02 via the input terminals 65A and 65B respectively. 

!=! The first serial circuit 100 is provided with FET 1 and FET2 in which cathodes of their 
K body diodes are connected to each other. The FET may be a power MOS type FET. 
2 0 And, just like the first serial circuit 1 00, the second serial circuit 1 02 is also provided 

with FET3 and FET4 in which the cathodes of their body diodes are connected to each 

other. 

For the body diode of each of the FET1 and the FET3, its cathode is connected to the 
drain D and its anode is connected to the source S of the corresponding FET 
2 5 respectively. For the body diode of each of the FET 2 and the FET 4, its cathode is 
connected to the source S and its anode is connected to the drain D of the 
corresponding FET respectively. 
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On the other hand, a charger circuit 68 is disposed between the power line L and the 
drain D of the FET 2. The drain D of the FET 2 is connected to the drain D of the FET 
4. FET 5 is disposed between this connection point and the power line L so as to 
prevent short-circuiting of the charger circuit 68 while the charger circuit 68 charges the 
5 main battery 64A or second battery 64B. In particular, FET 5 is turned off while the 
charger circuit 68 charges the main battery 64A or second battery 64B and turned on 
while one of the main battery 64A and the second battery 64B supplies a DC power to 
the power line L. In the FET 5 is formed a body diode whose cathode is connected to 
the drain D and whose anode is connected to the source S. 

10 The output terminals 1 to 5 of each PMC 82 are connected to the gates G of the FET 1 
to the FET 5 respectively. The PMC 82 controls ON/OFF of the FET 1 to the FET 5. 

%D On the other hand, the inner circuit 1 1 0 is composed of such components as the CPU 

□5 14, the main memory 16, etc. other than the power supply circuit 54 (see Figure 1) and 

JH the DC/DC converter 66 of the power supply circuit 54. The inner circuit 1 1 0 is 

im connected to the power line L. In the inner circuit 1 10, only the input terminal of the 

7 DC/DC converter 66 is connected directly to the power line L. A necessary electric 

S power is supplied to other components from the output terminal of the DC/DC converter 

P 66. In this embodiment, the inner circuit 1 1 0 is designed so that its withstand voltage is 

Q 25 v - 

2 0 The protection circuit 1 12 includes FET 6, a diode D2, and a switching circuit 1 1 3. The 
protection circuit 1 12 is disposed between the inner circuit 1 10 of the power line L and 
the port P. 

The FET 6 is connected serially to the power line L so that its source S comes to the 
inner circuit 1 1 0 side and its drain D comes to the port P side. In the FET 6, its source 
25 S is connected to its gate G via a resistor. In the FET 6 is formed a body diode D6 so 
that its cathode is connected to its drain D and its anode is connected to its source S 
respectively. The FET 6 may be a power MOS type FET. The diode D2 is disposed 
serially between the drain D of the FET 6 and the port P so that its cathode comes to 
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the port P side. 



The switching circuit 1 13 is provided with a voltage dividing resistor circuit in which 
resistors R1 and R2 are connected serially. One end of the voltage dividing resistor 
circuit is connected to the port P and the other end thereof is grounded. 

5 A - input terminal (inverted signal input terminal) of the comparator CP is connected to 
the junction point of each of the resistors R1 and R2 of the voltage dividing resistor 
circuit. And, an output terminal of a reference voltage generator circuit 1 14 is 
connected to a + input terminal (non inverted signal input terminal) of the comparator 
CP. The reference voltage generator circuit 114 generates and outputs a reference 
10 voltage of a predetermined voltage (5 V in this embodiment). Consequently, the output 
O terminal of the comparator CP outputs a signal with a high level voltage if the voltage of 
j° the port P, which is divided according to a ratio between the values of the resistors R1 
CO and R2 is lower than the above reference voltage and outputs a signal with a low level 
m voltage if the voltage of the port P, which is divided as described above, is over the 
1 1; j ref e rence voltage . 

m In this embodiment, the ratio between the values of the resistors R1 and R2 are 

adjusted in advance so that the voltage applied to the - input terminal of the comparator 
rj CP becomes equal to the reference voltage (5 V in this embodiment) if the voltage of 
H the port P is equal to the reference voltage (20 V in this embodiment), which is lower 
2 0 than the withstand voltage (25 V in this embodiment) of the inner circuit 1 1 0. 

Consequently, the signal output from the comparator CP becomes a high level one 
when the voltage of the port P is lower than the reference voltage and a low level one 
when the voltage of the port P is over the reference voltage. 

The output terminal of the comparator CP is connected to the base of the transistor 
25 TR1 via a resistor. The emitter of the transistor TR1 is grounded and connected to its 
own base via a resistor. The collector of the transistor TR1 is connected to the base of 
the transistor TR2 via a resistor. In addition, the emitter of the transistor TR2 is 
connected to the output terminal of a charge pump circuit 1 1 6 and to its own base via a 
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resistor. The charge pump circuit 116 generates and outputs a voltage on a 
predetermined voltage level (32 V in this embodiment when an AC adapter 62 is used 
and 20 V when the main battery 64A or second battery 64B is used). The collector of 
the transistor TR2 is connected to the gate G of the FET 6 via a resistor. 

5 Consequently, both transistors TR1 and TR2 are turned on when the output signal from 
the comparator CP is on the high level. The FET 6 is turned on when a voltage 
generated by the charge pump circuit 1 1 6 is applied to the gate G thereof. On the 
contrary, both transistors TR1 and TR2 are turned off when the output signal from the 
comparator CP is on the low level. The FET 6 is thus turned off. 

10 The single diode of the present invention takes the form of the diode D2 in this 

ri embodiment. A voltage dividing resistor circuit composed of the resistors R1 and R2 is 

equivalent to the voltage sensor of the present invention. The FET 6 is equivalent to 

CO the transistor element of the present invention. The body diode D6 provided in the FET 

rff 6 is equivalent to the limiting element of the present invention. The section composed 

lJH of the FET 6 and the switching circuit 1 1 3 is equivalent to the switch unit of the present 

r invention. The inner circuit 1 10 is equivalent to the drive unit and the computer load of 

S the present invention. The port P is equivalent to the terminal of the present invention. 

O In order to compose the computer system 1 0, however, many more electric circuits 
H other than those shown in Figures 1 and 3 are required. Those electric circuits are 
2 0 already known well to those skilled in the art and they are not used for the configuration 
of the present invention. The description for them will thus be omitted in this 
specification. In addition, only some of the connections between hardware blocks in 
Figures 1 and 3 are shown so as to simplify the description in those drawings. 

Next, a description will be made for an operation of the power supply circuit 54 that is 
2 5 related to the present invention especially as an operation of this embodiment. First, a 
brief explanation will be made on the operation of the power selector circuit 63 referring 
to Figure 3. 
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While the PC 12 is operating and the main battery 64A is charged by the charger circuit 
68, the PMC 82 turns on both FET 1 and FET 2. At this time, the PMC 82 turns off both 
FET 3 and FET 4 so as to prevent short-circuiting that might occur between the main 
battery 64A and the second battery 64B and turns off the FET 5 so as to prevent 
5 short-circuiting that might occur in the charger circuit 68. 

In the same way, while the PC 12 is operating and the second battery 64B is charged 
by the charger circuit 68, the PMC 82 turns on both FET 3 and FET 4. At this time, the 
PMC 82 turns off both FET 1 and FET 2 so as to prevent short-circuiting that might 
occur between the main battery 64A and the second battery 64B and turns off the FET 
10 5 so as to prevent short-circuiting that might occur in the charger circuit 68. 

P On the other hand, while the PC 12 is operating and none of the batteries 64A and 64B 
fl is charged, the PMC 82 turns off the FET 1 , turns on the FET 2, turns off the FET 3, 
CO turns on the FET 4, and turns off the FET 5 respectively. At this time, if the PMC 82 
rfi detects a disconnected AC adapter 62 and the main battery 64A supplies electrical 
if! power, the PMC 82 turns on the FET 1 and the FET 2, turns off the FET 3 and FET 4, 

and turns on the FET 5. In the same way, if the second battery 64B keeps supplying 
m the power, the PMC 82 turns off the FET 1 and FET 2, turns on the FET 3, the FET 4, 
|f and the FET 5 respectively. Consequently, even when the AC adapter 62 is 
O disconnected by accident, either the main battery 64A or the second battery 64B 
2 If continuously supplies the power to the inner circuit 1 1 0. The PC 12 can thus be 

prevented from shut-down caused by disconnection of the AC adapter 62. 

Next, the operation of the protection circuit 1 1 2 will be described. It is premised here 
that one of the main battery 64A and the second battery 64B supplies electrical power 
to the power line L. A description will be made for two cases with respect to the voltage 
25 of the port P; when it is over the reference voltage (20 V in this embodiment) and when 
it is under the reference voltage. 
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(1) When the voltage of the port P is over the reference voltage in this case, the PC 12 
does not supply an electric power to the IEEE1394 bus 150. A device (not illustrated) 
connected to the IEEE1394 bus 150 and conforming to the IEEE1394 supplies the 
power to the IEEE1394 bus 150. 

5 In this case, the output signal from the comparator CP is on the low level and both 
transistors TR1 and TR2 are turned off, thereby the FET 6 is turned off. At this time, 
the inner circuit 1 10 is protected by the two diodes D2 and D6 disposed in the FET 6. 

Generally, the forward voltage of each body diode in the FET is 1 V or over (ex., 1 .2 V). 

It is larger than the forward voltage (ex., 0.6 V) of the ordinary schottky diode. When 
1Q= S compared with the conventional protection circuit composed of two ordinary diodes (see 
P. Figure 5), the voltage drop of the power line in the protection circuit 1 1 2 is larger. In 
CS this case, however, because another device supplies the power to the IEEE1 394 bus 
fn 1 50, no problem arises. 

7 (2) When the voltage of the port P is under the reference voltage 
if? In this case, the output from the comparator CP is on the high level and both transistors 
M TR1 and TR2 are turned on, thereby the FET 6 is turned on. Consequently, only the 
p diode D2 is used in the protection circuit 112. 

In this case, there are expected two patterns in power supply to the IEEE1394 bus 150; 
from the PC 12 and from another device at a voltage over that of the PC 12 and under 
2 0 the reference voltage. 

If the PC 12 supplies a power to the IEEE1394 bus 150, only one diode is used in the 
protection circuit 112. The voltage drop to be caused by the protection circuit 112 
becomes 0.6 V or so. The voltage drop can thus be suppressed to about a half of that 
in the conventional protection circuit in which two ordinary diodes are used (the voltage 
2 5 drop is about 1 .2 V in this case). 
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Consequently, if the voltage drop caused by each FET in the power selector circuit 63 
is about 0.3 V, the total voltage drop of the power line L becomes about 0.9 V(= about 
0.3 V+ about 0.6 V). In this case, the battery (the main battery 64A or second battery 
64B) can be used up to about 9.0 V at which the capacity of the battery becomes 0. 
5 The use efficiency of the battery can thus be improved. Furthermore, the power 
consumption (about 0.2W) can be saved as much as that of the omitted diode. 

Because the voltage drop of the power line L can be reduced such way, it is also 
possible to lower the output voltage from the main battery 64A and the second battery 
64B up to 8 V or over, which is applied to the IEEE1394 bus 150 and required for the 
10 inner circuit 110 of the PC 12. 

O Because the voltage drop of the power line L can be reduced such way, it is also 

fl possible to keep the voltage applied to the IEEE1 394 bus 150 to 8 V or over even when 

CO the battery is used until its capacity becomes 0. And, it is possible to omit such a 

ml boosting device as a DC/DC converter, etc., thereby reducing the manufacturing cost 

lfj more than the conventional technique that requires such a boosting device. 

n! On the other hand, if another device supplies an electric power at a voltage higher than 

jl that of the PC 1 2 and under the reference voltage, the inner circuit 1 1 0 whose 

O withstand voltage is 25 V is protected from damages even when the diode D2 is 

r " short-circuited and damaged for any reason. 
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Although a description is made in the above first embodiment for a configuration of the 
present invention, in which only the inner circuit 1 10 of the PC 12 is protected from 
damages, a description will be made in this second embodiment for a configuration of 
the present invention, in which not only the inner circuit 1 10 is protected from damages, 
5 but also the power line is protected from an excessive current. The configuration and 
operation of the components other than the protection circuit are the same as those in 
the first embodiment, so the description for them will be omitted here. 

Figure 4 shows a block diagram of the protection circuit 130 in this second embodiment. 

As shown in Figure 4, the protection circuit 130 in this second embodiment includes a 
10 resistor R3 for detecting a current, as well as an FET 7, an FET 8, and a Zener diode 

ZD2 that are connected serially to the power line L. The FET 7 is connected so that its 
« source S comes to the port P side and the FET 8 is connected so that its drain D comes 

to the port P side respectively. And, the Zener diode ZD2 is connected so that its 
m cathode comes to the port P side. 

l¥\ The FET 7 has a function for preventing an excessive current and the FET 8 has the 
*" same function as that of the limiting element of the present invention. 

H On the other hand, the protection circuit 130 is provided with a current limit circuit 1 22, 
q a voltage sensor circuit 1 24, a gate control circuit 1 26, and a charge pump circuit 1 28. 

The input terminal of the current limit circuit 122 is connected to both ends of the 
2 0 resistor R3. The output terminal of the circuit 1 22 is connected to the gate control 

circuit 126. And, the input terminal of the voltage sensor circuit 124 is connected to the 
port P and the output terminal thereof is connected to the gate control circuit 126. In 
addition, the output terminal of the charge pump circuit 128 is connected to the gate 
control circuit 126 and the output terminal of the gate control circuit 126 is connected to 
2 5 the gate G of both FET 7 and FET 8 respectively. 

The voltage sensor circuit 124 is equivalent to the voltage sensing means of the 
present invention. The FET 8 is equivalent to the transistor element of the present 
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invention. And, the section composed of the gate control circuit 126, the charge pump 
circuit 128, and the FET 8 is equivalent to the switch unit of the present invention. The 
Zener diode ZD2 is equivalent to the diode of the present invention respectively. 

In the protection circuit 130 composed as described above, the current limit circuit 122 
5 detects the current flowing in the power line L and outputs a high level signal to the gate 
control circuit 126 when the detected current is lower than the value of a predetermined 
limit current. The voltage sensor circuit 124 detects the voltage of the port P and 
outputs a signal in accordance with the level of the detected voltage to the gate control 
circuit 126. In addition, the charge pump circuit 128 generates a voltage on a level (32 
10 V when the AC adapter 62 is used and 20 V when the main 64A or second battery 64B 
is used in this embodiment) that can turn on both FET 7 and FET 8 and outputs the 
? « signal to the gate control circuit 126. 

m The gate control circuit 1 26 controls the ON/OFF of both FET 7 and FET 8 according to 
5 the signal received from the current control circuit 1 22 and the voltage sensor circuit 
lM! 1 24. Concretely, both FET 7 and FET 8 are turned on only when the level of the signal 
I" received from the current control circuit 1 22 is high and the level of the signal received 
S from the voltage sensor circuit 1 24 is lower than the level corresponding to a 
il predetermined reference voltage. In other cases, both FET 7 and FET 8 are turned off. 

^ The gate control circuit 126 applies a voltage received from the charge pump circuit 128 
20 to the gate G of both FET 7 and FET 8 respectively when turning on the FET 7 and the 
FET 8. The reference voltage in this embodiment is the same as that in the above first 
embodiment. 

According to the controlling of both FET 7 and FET 8 by the gate control circuit 126, the 
FET 7 and the FET 8 are turned off if the value of the current flowing in the power line L 
25 is over the value of the above limit current and when the voltage of the port P is over 

the above reference voltage. The value of the current flowing in the power line L is thus 
limited and the inner circuit 1 10 of the PC 12 is protected. 
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As described above, because the protection circuit in this second embodiment has a 
section (concretely, the gate control circuit 126 and the charge pump circuit 128) to be 
used by both of the circuit for limiting the value of the current flowing in the power line L 
and the circuit for protecting the inner circuit 1 1 0, it can be provided with many 
5 functions at a low cost. 

Although the protection circuit is composed of single units in the above embodiments, 
the present invention is not limited only to that; the protection circuit may also be 
composed of an IC (Integrated Circuit), of course. In such a case, the protection circuit 
can be reduced in both size and cost, as well as its reliability is more improved. 

10 And, in this case, it should preferably be considered that the section (an area 120 

== enclosed by a broken line in Figure 4 in the second embodiment) other than the diode 

a (the diode D2 in the first embodiment and the Zener diode ZD2 in the second 

oi embodiment) connected serially to the power line L should preferably be formed as an 

Jj IC. That is, the diode connected serially to the power line L is composed separately 

lSfl from such an IC, thereby a given rate can be employed for the diode according to the 

™ maximum voltage to be applied to the power line. The general-purpose properties of 

y the IC can thus be increased more. 



J= In the above embodiments, a description is made only for a case in which one switch 
^ unit of the present invention is provided for the power line L. This present invention is 
20 not limited only to such a case, however; a plurality of such switch units can be 

provided for the power line L. In this case, the reliability of the protection circuit will be 
improved more than in the above embodiments, although the manufacturing cost is 
increased. 
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As described above, according to the present invention, therefore, a protection circuit 
can be composed so as to prevent excessive application of a voltage to the power line 
even when the singular diode is down for any reason. And, there is no need to use two 
diodes for the protection circuit. It is thus possible to reduce the voltage drop to occur 
5 in the power line more effectively than the conventional technique that requires two 

diodes. As a result, the use efficiency of the battery connected to the power line can be 
improved significantly. 
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